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Abstract. Sensitive 21 cm H i line observations were per¬ 
formed for 23 dwarf members and possible members of the 
nearby M81 group of galaxies, including five objects of a 
clustering of extremely low-surface brightness objects of 
unknown nature. With the Nangay decimetric radio tele¬ 
scope the radial velocity range of-529 to 1826 kms“^ was 
searched to an rms noise of ~ 3-5 mJy. Only three objects 
were detected. However, their high radial velocities (be¬ 
tween 600 and 1150 kms“^) show them to lie behind the 
M81 group. These three objects, classified as dSO: (UGC 
4998) and Im (Kar IN and UGC 5658), have Hi masses 
of 0.5, 2.0 and 2.5-10®7V(q, for the assumed distance of 4 
Mpc, and Hi mass-to-blue light ratios of 0.05, 0.91 and 
0.22 A4 ©/To,b, respectively. 

Considering that half of the observed objects are clas¬ 
sified as irregular dwarfs, hence expected to be relatively 
gas-rich, the resulting detection rate of about 1 /3 is quite 
low. However, the mean redshift and velocity dispersion 
of the M81 group (< V >= 101 kms“^, cr = 114 kms“^) 
suggest that the H i emission of low velocity H i -rich mem¬ 
bers of the M81 group may still remain hidden within the 
strong Galactic Hi emission (typically —150 ^ U ^ 115 
kms“^) or, for the 6 dwarf candidates in the immedi¬ 
ate vicinity of M81, overshadowed by the very extended 
Hi envelope encompassing M81, M82, NGC 3077, and 
NGC 2976 (-280 ^ U ^ 355 kms-i). 
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1. Introduction 

Dwarf galaxies provide important clues to the origin and 
evolution of structure in the Universe. Being low-mass ob¬ 
jects, dwarfs are most vulnerable to interactions with the 
environment. They are hence ideal test particles to study 
evolutionary processes in different galaxy environments 
and, furthermore, to map the gravitational potential of 
galactic halos, groups and clusters. 

Studies of dwarf galaxies have concentrated on the Lo¬ 
cal Group, and on clusters such as Virgo and Fornax. Local 
Group dwarfs can be studied in great detail, but there are 
only a few of them. The clusters, albeit rich in dwarfs, are 
relatively distant. Here, the M81 group provides the ideal 
probe: it has about three times the dwarf content of the 
Local Group but is at only about a quarter of the Virgo 
cluster distance. 

An extensive survey of M81 group dwarfs has been 
carried out by Borngen et al. (1982), resulting in a list 
of dwarf members to a limiting absolute magnitude of 
ss —11, for the adopted distance of 4 Mpc to the group. 
They furthermore report the clustering of a number of 
unusual, very low-surface brightness about 7° southeast 
of M81. Although classified as dwarf members of the M81 
group (Borngen et al. 1984), the nature of these objects 
is uncertain. Are these remarkable objects dwarfs at the 
extreme faint end of the luminosity function? And if true, 
do they contain any gas and might thus be the lowest 
Hi- mass objects yet observed? 

The goal of the survey presented here is to determine 
the Hi properties of the dwarfs of the M81 group. Dwarf 
galaxies in groups and in the field generally are irregu¬ 
lars (Binggeli et al. 1990) - hence gas-rich. We therefore 
searched at Nangay for 21cm Hi line emission in 23 can¬ 
didate dwarf galaxy members of the M81 group with con¬ 
siderably lower rms noise than previously obtained. 
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Table 1: Members and possible members (P) of the M81 group of galaxies 




Ident. 

R.A. 

Dec 


Type 

Diam 


Uhel 

Hi 

NanQay 




(h m s) 


/ 

’") 


(') 

(mag) 

(km/s) 




1. 

Ho II 

08 13 53.5 

70 

52 

13 

Im 

7.9 

10.2 

157±1 

det 



2. 

Kar 52 

08 18 43.0 

71 

11 

25 

Im 

1.3 

14.2 

114±6 

det 



3. 

DDO 53 

08 29 33.3 

66 

21 

08 

Im 

1.5 

13.6 

19±10 

det 



4. 

UGC 4483 

08 32 07.0 

69 

57 

16 

Im 

1.1 

13.9 

156±5 

det 



6. 

UGC 4998 

09 20 52.9 

68 

35 

53 

dSO: 

1.6 

13.9 


no det 

* 


7. 

Hoi 

09 36 00.9 

71 

24 

55 

Im 

3.6 

12.2 

136±3 

det 


p 

8. 

Kar IN 

09 41 00.0 

69 

37 

00 

Im 

1.2? 

15.5 



* 


9. 

N 2976 

09 43 11.5 

68 

08 

45 

Sd 

5.9 

10.9 

3±5 

det 



10. 

Kar 2N 

09 43 42.0 

69 

30 

00 

dE? 


15.9 


no det 

* 


11. 

Kar 59 

09 46 40.0 

72 

17 

41 

Im 

0.3 

17.1 


no det 

* 


12. 

Kar 3N 

09 49 42.0 

69 

12 

00 

Im 

0.5 

17.1 

-40±60 

no det 

* 


13. 

M 81 

09 51 27.3 

69 

18 

08 

Sb 

26.9 

7.9 

-34±4 

det 



14. 

M 82 

09 51 43.6 

69 

55 

00 

Amorph 

11.2 

9.3 

203±4 

det 



15. 

A952-t69 

09 53 27.0 

69 

31 

18 

Im 


14.3 



* 


16. 

Kar 61 

09 53 01.0 

68 

49 

48 

dE,N 

1.2 

13.8 



* 


17. 

Ho IX 

09 53 28.0 

69 

16 

53 

Im 

2.5 

13.5 

46±6 

det 



18. 

NGC 3077 

09 59 21.9 

68 

58 

33 

Amorph 

5.4 

10.6 

14±4 

det 



19. 

Garland 

09 59 54.0 

68 

55 

30 

Im 



50 


* 


20. 

Kar 5N 

10 00 42.0 

68 

30 

00 

dE: 


18.1 


no det 

* 


21. 

DDO 71 

10 01 18.0 

66 

47 

53 

dE,N 

0.9 

14.6 


no det 

* 

p 

22. 

UGG 5423 

10 01 25.3 

70 

36 

27 

BCD 

0.9 

13.8 

349±5 

det 



23. 

Kar 64 

10 03 07.2 

68 

04 

20 

dE,N 

1.8 

14.9 


no det 

* 


24. 

DDO 78 

10 22 48.0 

67 

54 

40 

dE 

2.0 

14.3 


no det 

* 

p 

25. 

UGG 5658 

10 23 52.6 

71 

29 

34 

Im 

1.0 

15.0 


no det 

* 


26. 

IG 2574 

10 24 41.3 

68 

40 

18 

Sm 

13.2 

11.0 

47±3 

det 



27. 

DDO 82 

10 26 48.0 

70 

52 

33 

Sm/BCD: 

3.2 

11.8 

40 

no det 

* 


28. 

Kar 6N 

10 31 00.0 

66 

16 

00 

dE 


16.0 


no det 

* 

p 

29. 

Anon 1 

10 45 30.0 

65 

02 

00 

? 


17.4 




p 

30. 

UGGA 220 

10 46 04.0 

64 

59 

00 

Im: 

1.7 

16.9 


no det 

* 

p 

31. 

DDO 87 

10 46 17.0 

65 

47 

40 

Im: 

2.4 

14.9 

338±5 

det 


p 

32. 

Anon 2 

10 46 48.0 

65 

00 

00 

? 


16.3 




p 

33. 

Kar 7N 

10 47 06.0 

65 

22 

00 

? 


16.2 


no det 

* 

p 

34. 

Anon 3 

10 47 12.0 

65 

00 

00 

? 


16.5 




p 

35. 

Anon 4 

10 47 18.0 

65 

00 

00 

? 


16.5 





36. 

Kar 73 

10 49 30.0 

69 

48 

55 

Im 

0.6 

14.9 

115 

no det 

* 

p 

37. 

Anon 5 

10 50 30.0 

65 

31 

00 

? 


15.5 



* 

p 

38. 

Anon 6 

10 50 54.0 

65 

17 

00 

? 


16.1 



* 

p 

39. 

Kar 8N 

10 51 06.0 

65 

28 

00 

? 


15.4 



* 

p 

40. 

Anon 7 

10 51 18.0 

65 

33 

00 

? 


15.8 



* 


41. 

Kar 74 

10 59 05.2 

70 

32 

01 

dE/Im: 

1.0 

15.2 


no det 

* 


Note: Column 1: P denotes a possible group member; Column 10: indicates objects previously observed in Hi 
and status, i.e. detection or no detection; Column 11: * marks dwarfs observed in present survey (see Table 2) 


2. The M81 group 

The M81 group of galaxies is the most nearby rich con¬ 
centration of dwarf galaxies beyond the Local Group. For 
our study of possible dwarf members of the M81 group of 
galaxies, we used the optically selected catalog of 41 mem¬ 
bers and possible members (dwarfs or otherwise) compiled 
by Binggeli (1993). These data represent a compilation 
of various publications, databases and private communi¬ 


cations. Binggeli’s catalog is strongly based on the 2 m 
Tautenberg Schmidt survey by Borngen & Karachentseva 
(1982), the photometric work by Borngen et al. (1982), 
and the photographic atlas of Karachentseva et al. (1985a) 
obtained with the 6 m SAG telescope. Note that we re¬ 
jected object no. 5 (Kar 54 = UGC 5954, at a = 09''171"6, 
(j = 75°57') due to its high redshift of 659 kms“^, which 
was unknown in 1993. We also rectihed the identihcation 
of Ho IX, erroneously named Ho iv in Binggeli (1993). 
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The basic optical data of these objects are listed in Ta¬ 
ble 1. Binggeli’s numbering was retained throughout this 
paper. The coordinates were taken from NED and are for 
the epoch 1950.0. All velocities are heliocentric and calcu¬ 
lated according to the conventional optical definition {v = 
cAA/Ao). Heliocentric velocities are from de Vaucouleurs 
et al. (1990, RC3), except for the following objects: no. 1 
Holmbergii (Strauss et al. 1992), no. 12 Kar 3N (Tikhonov 
& Karachentsev 1993), no. 19 Garland (Karachentseva et 
al. 1985b), no. 22 UGC 5423 (Schneider et al. 1992) and 
no. 36 Kar 73 (Tikhonov & Karachentsev 1993); note that 
the heliocentric velocity of 180 km/s listed for no. 27, DDO 
82, in the RC3 is incorrect (see Sect. 4.1). 

The distribution on the sky of all 40 members and pos¬ 
sible members of the group listed in Table 1 is shown in 
Figure 1, where the morphological type of each object has 
been indicated. We have adopted a distance of 4 Mpc for 
the M81 group. This is significantly smaller than the value 
of 5.5 Mpc given in the RSA (Sandage & Tammann 1987), 
but is in good accord with more recent work (Karachent¬ 
sev 1996, cf. his Table 1). 

The M81 group, like others, shows a clear morpho¬ 
logical segregation: most early-type dwarfs are found in 
a dense core around M81, while the dwarf irregulars are 
spread out over the entire survey area. 

The M81 group is more compact than the Local Group, 
and the core galaxies are known to be strongly interact¬ 
ing, as shown by the large, dynamically complex H i cloud 
embedding M81, M82, NGC 3077, and NGC 2976 (van 
der Hulst 1977, Appleton et al. 1981, recent VLA results 
in Yun et al. 1994, and also the dynamical analysis by 
Karachentsev 1996). Because of this, and the lack of ra¬ 
dial velocities, it is impossible to determine which dwarf 
belongs to which specific large galaxy. 

The M81 group may well be more dynamically evolved 
than the Local Group, having already released its formerly 
bound dwarfs through dynamical friction. On the other 
hand, the Garland system is a knotty dwarf irregular that 
apparently formed only recently from a tidal tail, a sys¬ 
tem that is likely to have been born free. A peculiar case 
is that of the clustering of low-surface brightness objects 
(Kar 7N, Kar 8N, and Anon 1 to 7 in Table 1) noted by 
Borngen et al. (1984). It is not clear whether these are 
of an extragalactic nature; they may be Galactic cirrus 
clouds; the M81 group is an area of the sky rife with po¬ 
tential for confusion between Galactic and extragalactic 
objects (cirrus, HVGs, tidal tails). 

3. Hi line observations of M81 group dwarfs 

Of the 40 objects listed in Table 1, only 13 have previously 
been detected in the 21 cm H i line (see also Table 3). Four 
galaxies (Kar IN, A952-I-69, Kar 61, and Garland), as well 
as 8 of the peculiar low-surface brightness objects first 
noted by Borngen et al. (1984) have never before been 
observed in the 21 cm line. These 4 galaxies, as well as the 


four brightest objects of unknown nature, i.e. Kar 8N, and 
Anon 5, 6 and 7, were selected for our deep H i search. 

Four objects (Holmbergi, Kar 52 (= M81 dwarf A), 
Kar 73 and Kar 3N) were mapped in Hi with the VLA 
(Westpfahl & Prugniel 1994). The first two look like rather 
face-on incomplete rings with evidence for slow rotation, 
while the latter two resemble discs with a central hole seen 
edge-on and complex or confused velocity fields without 
clear signs of systematic rotation in the dwarf systems. 
No HI profile parameters are given in this reference - 
note, that neither Kar 73 nor Kar 3N has been reported 
as detected in any single-dish study, including ours. 

Fifteen of these galaxies have previously been searched 
for with the 90m Green Bank (Schneider et al. 1992) and 
the 100m Effelsberg dish (Huchtmeier & Skillman 1994, 
1997), with an rms noise varying from 7 to 15 mJy, and 4 
with an rms noise of 18 mJy only for earlier work by Fisher 
& Tully (1981) at Green Bank and Effelsberg. We reob¬ 
served these galaxies at Nangay with considerably higher 
sensitivity (3-5 mJy rms). 

The total sample of 23 dwarf galaxy candidates se¬ 
lected for observation in H i at Nangay are marked in the 
last column of Table 1. The searches for 21cm Hi line 
emission were made with the Nangay decimetric radio 
telescope in the period December 1995 - September 1996. 
The telescope is a meridian transit-type instrument, which 
permits the tracking of such high-declination galaxies for 
about 3 hours per day. The telescope has the equivalent 
collecting surface of a 94 m diameter round dish, but its 
HPBW is about 4' x 22' (Aa x AS), due to its elongated 
geometry. Most objects were observed for about 4 hours 
each, while the 3 low-surface brightness Anonymous ob¬ 
jects were observed for about 8 hours each. It should be 
noted that the telescope is somewhat less sensitive at high 
declinations, like those observed for the present survey 
(65°-72°), then at lower declinations, due to its geometry. 

The 1024 channel correlator set-up used permitted an 
HI line search in both H and V polarisation in the radial 
velocity range of -529 to 1826 kms“^, with a 190 kms“^ 
overlap between the filter banks, from 548 to 747 kms“^, 
at a resolution of about 6 kms“^. 

After averaging the individual spectra, the data was 
smoothed to a velocity resolution of 12.7 kms“^, and 
third-order baselines were fit. For the conversion of an¬ 
tenna temperature to flux density in mJy we used the stan¬ 
dard calibration relation established by the Nangay staff 
through regular monitoring of strong continuum sources, 
and the long-term standard galaxy H i line monitoring 
data made available to us prior to communication by G. 
Theureau (see Theureau et al. 1997). 

4. Results 

The resulting Hi spectra of all 23 M81 group candidate 
dwarf galaxy members are shown in Fig. 2. 
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Fig. 1. Distribution on the plane of the sky of all 40 members and possible members of the M81 group of galaxies listed in Table 
1, within the boundaries of the Schmidt survey of Borngen & Karachentseva (1982). The morphological type of each galaxy has 
been indicated. Uncertain group members are put in parentheses, the latter also include the clustering of low-surface brightness 
objects of unknown nature in the SE corner. The names of galaxies previously detected in Hi have been underlined. The linear 
scale bar of 0.5 Mpc is based on the assumed distance of 4 Mpc. Also shown is the HPBW of the Nangay radio telescope. 


The optical centre positions to which the telescope was 
pointed, the rms noise of the spectra at 12.7 km s“^ resolu¬ 
tion, as well as derived H i line properties are listed in Ta¬ 
ble 2. Upper limits to the H i line flux are 3a values for an 
assumed line width of 50 kms“^. The last two columns in¬ 
dicate the velocity range within which the strong Galactic 
HI line signal prevents detection of external galaxies (typ¬ 
ically — 150 ^ U ^ 115 kms“^), or the strong emission of 
the interconnected H i distribution around the galaxies 
M81, M82, NGC 3077 and possibly NGC 2976 obliterates 
the lower flux emission of the 6 dwarf candidates in that 
vicinity, i.e. a detection of Kar 2N, Kar 3N, A952-I-69, Kar 
61, Garland and Kar 5N in the velocity range -280 kms“^ 
to -1-355 kms“^ (cf. van der Hulst 1977, Appleton et al. 
1985, and Yun et al. 1994 for detailed Hi maps of this 
complex region). 

4.1. Notes to individual galaxies 

In the search for objects that may possibly have confused 
the 4 HI line spectra in which the profile of an external 
galaxy was detected (i.e., of UGC 4998, Kar IN, Kar 59 
and UGG 5658) we queried the NED database in an area 
of 6' X 33' {Aa x A(5), i.e. 1.5 times the HPBW in both 
R.A. and Dec. 


No. 6 = U 4998 A photograph is displayed in the 
photographic atlas of Karachentseva et al. 1985a (forth¬ 
with KKB85), obtained with the 6 m SAG telescope, who 
suggest a dE7 classification. The structural parameters 
from photometry based on scans of plates from the 2 m 
Tautenburg Schmidt telescope and the above KKB85 at¬ 
las are given in Karachentseva et al. (1987), henceforth 
KKRBF87. The Nangay observations reveal a clear de¬ 
tection at 631 kms“^. The earlier H i observations by 
Fisher & Tully (1981, henceforth FT81) were not sensi¬ 
tive enough and the signal discovered here is outside the 
velocity range covered in the Green Bank 90-m H i sur¬ 
vey of Schneider al. 1992 (henceforth STMM92). Within 
the search area no other galaxies are known, only a radio 
source (87GB 092050.8-1-68181) at 17(7 distance. The de¬ 
tection at Nangay at 631 kms“^ hence suggests that this 
dwarf candidate is not a member of the M81 group but 
lies behind the M81 group. 

No. 8 = Kar IN = Mailyan 45 The positional 
agreement - later confirmed by Madore et al. (1994) - and 
corresponding dimensions suggest this galaxy to be the 
dwarf Mailyan 45 discovered earlier (cf. Mailyan Dwarf 
Galaxy Gatalog, Mailyan 1973). A photograph and iso¬ 
density map is given in KKB85 who suggest that this 
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I—3 


a 


• ^ 

d 

0) 

X 

Peh 


37. Anon 5 38. Anon 6 39. Kar 8N 



40. Anon 7 


41. Kar 74 



0 1000 


0 1000 


Heliocentric velocity (km/s) 


Fig. 2. 21cm Hi line spectra of all 23 candidate dwarf galaxy members of the M81 group observed. Velocity resolution is 12.7 
kms“^. For each object two panels are shown, with the upper displaying a small range in flux density to reveal faint features, 
and the lower giving the full intensity range to demarcate the Galactic Hi features (typically at —150 F 115 kms“^) as 
well as confusion in the Hi complex surrounding M81, in the range -280 kms~^ to +355 kms~^, cf. Yun et al. 1994). Radial 
velocities are according to the radio convention. 


very elongated object might be interacting with the in- 
tergalactic medium, as its light distribution is noticeably 
lopsided. The Nangay observations find a clear detec¬ 
tion at 569 kms“^. No objects which might cause con¬ 
fusion were found in NED, only a radio source (87GB 
094123.3+692131) at 15(7 distance, and a faint 60 /xm 
source (IRAS F09413+6914) at a distance of 22(2. This 
irregular galaxy is thus more distant than the M81 group. 

No. 10 = Kar 2N Photograph in KKB85. No struc¬ 
tural details can be seen. Note the strong negative (resid¬ 


ual) emission between 0 and 200 kms“^ in the spectrum 
given in Fig. 2. This emission is due to the higher velocity 
gas of the western part of M81 entering through the side- 
lobes of the Nangay radio telescope. If this object were 
to have some gas in this velocity range it would not be 
detectable with these observations. 

No. 11 = Kar 59 Photograph of this very faint low- 
surface brightness object is given in KKB85, its structural 
parameters in KKRBF87. Our H i spectrum shows higher 
noise in the 170 to 250 kms“^ range, due to interference 
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Table 2: Nangay Hi observations of the 23 possible dwarf galaxy members of the M81-group 



Ident. 

R.A. 

(h m s) 

Dec. 

(O , 

Type 

(mag) 

Vopt 

(km/s) 

rms 

(mjy) 

Vhi 

(km/s) 

/SdV 

(Jy km/s) 

AVso 

(km/s) 

AV 20 

(km/s) 

Gonf. 

(k„ 

range 

l/s) 

6. 

U 4998 

09 

20 53 

68 

35 53 

dSO: 

13.9 


3.9 

632 

0.84 

89 

105 

-90 

140 

8. 

Kar IN 

09 

41 00 

69 

37 00 

Im 

15.5 


4.4 

570 

3.81 

56 

81 

-120 

75 

10. 

Kar 2N 

09 

43 42 

69 

30 00 

dE? 

15.9 


4.4 


<0.65 



-115 

250 

11. 

Kar 59 

09 

46 40 

72 

17 41 

Im 

17.1 


5.0 

(1322 

34.6 

311 

326) 

-110 

100 

12. 

Kar 3N 

09 

49 42 

69 

12 00 

Im 

17.1 

-40 

5.0 


<0.75 



-280 

290 

15. 

A952+69 

09 

53 27 

69 

31 18 

Im 

14.3 


3.9 


<0.59 



-270 

355 

16. 

Kar 61 

09 

53 01 

68 

49 48 

dE,N 

13.8 


4.2 


<0.62 



-260 

190 

19. 

Garland 

09 

59 54 

68 

55 30 

Im 


50 

4.8 


<0.72 



-170 

75 

20. 

Kar 5N 

10 

00 42 

68 

30 00 

dE: 

18.1 


4.5 


<0.67 



-195 

130 

21. 

DDO 71 

10 

01 18 

66 

47 53 

dE,N 

14.6 


4.2 


<0.62 



-160 

150 

23. 

Kar 64 

10 

03 07 

68 

04 20 

dE,N 

14.9 


5.4 


<0.81 



-115 

130 

24. 

DDO 78 

10 

22 48 

67 

54 40 

dE 

14.3 


6.1 


<0.92 



-145 

90 

25. 

U 5658 

10 

23 53 

71 

29 34 

Im 

15.0 


5.0 

1159 

1.50 

127 

203: 

-155 

35 

27. 

DDO 82 

10 

26 48 

70 

52 33 

Sm 

11.8 

40 

4.2 


<0.62 



-135 

100 

28. 

Kar 6N 

10 

31 00 

66 

16 00 

dE 

16.0 


5.5 


<0.82 



-170 

65 

30. 

UA 220 

10 

46 04 

64 

59 00 

Im: 

16.9 


3.9 


<0.59 



-180 

115 

33. 

Kar 7N 

10 

47 06 

65 

22 00 

? 

16.2 


5.4 


<0.81 



-175 

75 

36. 

Kar 73 

10 

49 30 

69 

48 55 

Im 

14.9 

115 

5.4 


<0.81 



-165 

165 

37. 

Anon 5 

10 

50 30 

65 

31 00 

? 

15.5 


2.9 


<0.42 



-100 

80 

38. 

Anon 6 

10 

50 54 

65 

17 00 

? 

16.1 


3.5 


<0.51 



-55 

50 

39. 

Kar 8N 

10 

51 06 

65 

28 00 

? 

15.4 


4.5 


<0.67 



-50 

45 

40. 

Anon 7 

10 

51 18 

65 

33 00 

? 

15.8 


2.8 


<0.40 



-165 

70 

41. 

Kar 74 

10 

59 05 

70 

32 01 

dE/Im: 

15.2 


3.9 


<0.59 



-165 

60 


Note: The strong ‘Kar 59’ detection is due to the nearby spiral NGC 2985 


in the H polarization during these observations; but the 
other data {V polarization) do not show a detection in this 
velocity range either. The strong, double-horned profile 
visible in the spectrum at 1323 km s“^ is due to NGC 2985, 
a 11.2 mag Sab spiral at 13f5 distance (a = 09^45™52!6, 
6 = 72°30'45"), just outside the area searched in NED 
(in which no objects were found). For an Hi line profile 
of NGC 2985, see Oosterloo & Shostak (1993). KKRBF87 
classify this object as a dwarf spheroidal rather than an 
irregular which might explain the non-detection in H i . 

No. 12 = Kar 3N The photograph by KKB85 and 
Tikhonov & Karachentsev (1993) shows resolution into 
blue stars. The latter determined a photometric distance 
of 2.8 Mpc from the brightest stars. KKB85 consider it to 
form one tidally-disrupted object together with two small 
fragments about l'-2' north of it. Kar 3N might well be 
HI -rich, but this irregular dwarf lies within the extended 
Hi envelope of M81 (cf. Yun et al. 1994) and any emis¬ 
sion from the dwarf within —270 ^ K ^ 355 kms“^will 
be lost in the strong and broad emission from M81 itself 
(cf. Fig. 2). VLA Hi imaging (Westpfahl & Puche 1994) 
shows a structure like an edge-on disc with a central hole; 
the velocity field shows systematic rotation, but it is not 
clear if this is due to the local M81 arm or to internal 
motions in Kar 3N. 


No. 15 = A952+69 The photograph in KKB85 
shows a very low-surface brightness object with dumpi¬ 
ness indicative of star formation. It was resolved into stars 
with the 6-m. by Efremov et al. (1986). Again the non¬ 
detection of this Im galaxy with the Nangay radio tele¬ 
scope does not necessarily imply this galaxy to be gas- 
poor. VLA synthesis observations in D-array by Yun et 
al. (1994) in an area of 1.5 around the galaxy M81 
reveals a concentration of Hi at the position of this ir- 
rregular galaxy (their concentration H), suggestive of an 
Hi mass of Mm= 3.0 • 10® Al© (at the adopted distance 
of 4 Mpc to the M81 group). The mean velocity of this 
gas clump is about 100 kms“^ with a width of about 30 
kms“^ (see also van der Hulst 1977, and Appleton et al. 
1981). With the single dish observation obtained here this 
signal cannot be resolved from the much stronger emission 
of M81. 

No. 16 = Kar 61 = A0961+68 = Mailyan 47 

A photograph is given in Bertola & Maffei (1974), an iso¬ 
density map in KKB85, the luminosity profile and struc¬ 
tural parameters in KKBRF87. This is a typical example 
of a low-surface brightness dwarf spheroidal system and 
the non-detection at Nangay is not surprising. However, 
the analysis by Appleton et al. suggest that this dwarf 
spheroidal is associated with a clump of H i gas of the or- 
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der of Mm= 2.6 • lO”^ Mq with a mean velocity of about 
Vhei = —87 kms“^and a linewidth of ~35 kms“^. This 
clump is visible in the more detailed Hi map by Yun et 
al. (1994), but it looks more like the end of a spiral arm 
than a distinct H i concentration. In either case, the ex¬ 
pected signal would not be sufficiently strong to stand 
out over the M81-M82-NGC3077 Hi complex (cf. also 
Fig. 3). 

No. 19 = Garland Deep photographs, spectra and 
a detailed discussion of this dwarf irregular are presented 
in Karachentseva et al. (1985b). The total extent of the 
object is about 6' x 4' and its centre lies about 415 from 
that of NGC 3077, which has an about 55 kms“^ lower 
redshift. It shows various knots of star formation and lies 
in the extension of the H i bridge connecting NGC 3077 to 
M81. Garland may be at an intermediate stage in the con¬ 
version of a tidal tail or bar into an ordinary dwarf galaxy 
as a result of the interaction between M81 and NGC 3077. 
Its internal motions are of order 55 kms“^ and its dynam¬ 
ical age is estimated to be about 10® years only. The H i 
distribution within NGC 3077 shows an extension to the 
SE. This might be associated with Garland. The signal in 
our spectrum primarily originates from NGC 3077 (V = 
14 kms“^, AY = 93 kms“^). 

No. 20 = Kar 5N The faintest object in our sample 
(mB= 18.1). It is round and without structural details 
(cf. KKB85). It is outside the Hi complex around M81, 
hence any gas emission could only reside within the narrow 
velocity range of the Galactic gas. 

No. 21 = DDO 71 = Kar 63 = UGC 5428 = 
Mailyan 49 The photograph in KKB85 finds DDO 71 
to be a circular, structureless, very low-surface brightness 
object. It was not detected in the earlier H i work by FT81 
with rms noise of 18 mJy, or at Green Bank (STMM92) 
with an rms of 8.5 mJy. It is not found in co-added IRAS 
data either (Melisse & Israel 1994). Based on its opti¬ 
cal radial velocity (V = —126 kms“^) and the Galactic 
gas emission as seen in the spectrum, its H i emission - if 
present - should have been measurable. 

No. 23 = Kar 64 = UGC 5442 = Mailyan 50 A 
photograph and isodensity map are given in KKB85. Not 
detected previously by STMM92. 

No. 24 = DDO 78 The photograph in KKB85 shows 
a circular, very low-surface brightness object. Not detected 
by FT81. 

No. 25 = U 5658 = Mailyan 53 The overexposed 
photograph in KKB85 shows a high-surface brightness ob¬ 
ject with a regular elliptical outline, partially resolved into 
knots surrounded by diffuse material. This low flux object 
was not detected in the earlier less sensitive Hi surveys 
(FT81 & STMM92). The NED search finds two galaxies in 
the 1.5 times the HPBW area, but they do not appear to 
be related to our Hi line detection: CGGG 333-030, a 15.7 
mag object of unknown morphological type and redshift, 
at 8.'9 distance {a = 10h24“24", S = 71°2T00"), and UGC 


5645, a 16**' mag SBb spiral at a redshift of 10,490 kms *, 
at 1U2 distance {a = 10*'23“16!1, S = 71°40'25"). 

No. 27 = DDO 82 = UGC 5692 The photograph 
in KKB85 shows a dwarf spiral galaxy with a very dis¬ 
torted spiral structure. Its optical spectrum shows bright 
Ha and [Sii] lines (Karachentsev & Karachentseva 1984) 
yielding a recesson velocity of U = 40 kms“*. Note, 
that the radial velocity of 180 kms“*listed in the NED 
database and elsewhere is wrong, since the solar motion 
has been corrected for twice (Karachentsev et al. 1994). 
A distance of 4.5: Mpc was derived from photometry of 
its brightest stars (Karachentsev et al. 1994). Its morphol¬ 
ogy, the distance and its detection at 60 and 100 /rm in 
co-added IRAS data (Melisse & Israel 1994) strongly sug¬ 
gest this galaxy to be Hi-rich. But it was not detected 
in the present Nangay survey, nor in the earlier surveys 
(FT81, STMM92), nor in a short Westerbork interferom¬ 
eter observation (Kamphuis et al. 1996). This can only be 
explained, if the gas is at the same velocity as the optically 
obtained velocity (V = 40 kms“*) rendering detection im¬ 
possible due to Galactic H i emission. 

No. 28 = Kar 6N The photograph and isodensity 
map in KKB85 show it to be a low-surface brightness ob¬ 
ject with an axial ratio of 0.5, hardly any luminosity gra¬ 
dient and no structural detail. 

No. 30 = UGGA 220 = Mailyan 58 The KKB85 
photograph reveals a diffuse, lumpy object with patches 
of different surface brightness suggestive of star formation 
and presence of H i gas. This galaxy was not detected at 
Nangay, nor earlier by FT81. It may be part of the cluster¬ 
ing of peculiar low-surface brightness objects, 5 of which 
were included in our present observing program. 

No. 33 = Kar 7N The KKB85 photograph shows a 
diffuse, patchy faint object. Belongs to the group of un¬ 
usual objects discovered by Borngen et al. (1984). 

No. 36 = Kar 73 Photographs in KKB85 and 
Tikhonov & Karachentsev (1993) find this galaxy to be 
resolved into separate knots (stars and Hii regions?) su¬ 
perimposed on a diffuse, very low-surface brightness back¬ 
ground. Tikhonov & Karachentsev determine a photomet¬ 
ric distance of 4.0 Mpc from the brightest stars. VLA H i 
imaging (Westpfahl & Puche 1994) shows a structure re¬ 
sembling an edge-on disc with a central hole; the velocity 
field is too complex to discern systematic rotation. 

No. 37 = Anon 5 Belongs to the group of peculiar 
objects. Photograph in Borngen et al. (1984). 

No. 38 = Anon 6 Belongs to the group of peculiar 
objects. Photograph in Borngen et al. (1984). 

No. 39 = Kar 8N Diffuse, patchy object of large an¬ 
gular size, at the detection limit of the 6m photograph in 
KKB85. Belongs to the group of unusual objects reported 
by Borngen et al. (1984). 

No. 40 = Anon 7 Belongs to the group of peculiar 
objects. Photograph in Borngen et al. (1984). 

No. 41 = Kar 74 The photograph (cf. KKB85) 
shows a featureless object of regular elliptical shape. 
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5. Discussion 

5.1. HI line detections 

We have observed 23 dwarf galaxy candidate members of 
the M81 group of galaxies, including 5 peculiar objects of 
unknown nature. Of the 18 with given morphology, half 
are early types (dE or dSO: and one dE/Im:), and half 
are late types (Im or Sm). The latter 9 objects should in 
principle be gas-rich, hence detectable at Nangay with the 
sensitivity obtained here. 

However, in the present survey only 3 objects were de¬ 
tected in the H i line. The strong signal in the spectrum of 
No. 11 (Kar 59) at 1323 kms“^ originates from a nearby 
bright spiral. None of the 3 detected dwarfs seem to be a 
member of the M81 group of galaxies, however, as their 
redshifts of 632, 570 and 1159 kms“^ clearly show them 
to be behind the group. If we calculate distances directly 
from their recession velocites corrected to the LSR follow¬ 
ing the precepts given in Sandage & Tammann (1987), and 
a Hubble constant of Hq = 50 kms“^ Mpc“^, the galax¬ 
ies UGC 4998, Kar IN and UGC 5658 are at distances 
of 15.9, 14.7 and 26.6 Mpc and have Hi masses of 0.05, 
2.0 and 2 . 5 TO®A 40 . The resulting Hi mass-to-blue light 
ratios are 0.05, 0.91 and 0.22 A4 @/To,b, respectively. 

The profile of Kar IN is narrow (AV 50 = 61 kms“^) 
and clearly Gaussian shaped, that of UGG 4998 is a bit 
broader (89 kms“^) and more flat-topped, while that of 
UGG 5658 (AV 50 = 127 kms“^) least resembles a typical 
dwarf line profile. 

The two detected objects classified as magellanic ir¬ 
regulars (Kar IN and UGG 5658) have quite discrepant 
Mm/L b ratios (0.91 and 0.22 Mq/Lq^^) for their sim¬ 
ilar morphological type. In particular, the Mm/L^ ra¬ 
tio of 0.22 for UGG 5658 seems very low for an irregular 
dwarf, whereas the extremely low Mm/L-Q ratio of 0.05 
Af@/T 0 ,B for the dSO: galaxy UGG 4998 seems quite con¬ 
sistent with the upper limit of about 0.15 found for mor¬ 
phologically pure lenticulars (Knapp et al. 1989). 

For comparison, the global optical and H i line proper¬ 
ties of all 11 previously detected M81-group dwarf galaxies 
are given Table 3. The values are taken from the Hucht- 
meier & Richter (1989) and Schmidt & Boiler (1992) com¬ 
pilations, with the exception of the integrated fluxes for 
the systems M81, M82, and NGG 3077 interconnected in 
HI, as well as Ho ix, which are adopted from the VLA 
synthesis analysis by Yun et al. (1994). 

5.2. The non-detections and confusion problems 

The average 3 (t upper limit of 13 mJy and an assumed 
line width of 50 kms“^imply an upper limit of 0.65 Jy 
kms“^ to the Hi line flux for the objects not detected in 
our survey. This implies an upper mass limit of 2 • 10® A 40 
(and even less for the “anonymous” low-surface brightness 
objects of unknown nature) at the adopted distance of 4 
Mpc to the M81 group, and upper limits to the Mm/L b 


ratios of 0.1 and 0.6 Mq/Lq^b for a 15*®, respectively a 
17*® magnitude galaxy. 

However, the non-detections are unlikely due to a lack 
of gas in these dwarfs. Inherent to H i line searches for 
nearby objects is always the problem of confusion by or 
with strong Galactic Hi lines, i.e. emission lines of ex¬ 
ternal galaxies being lost among strong Galactic lines, or 
being interpreted as part of the Galactic emission (see, 
e.g., the case of the discovery of Dwingeloo 1 by Kraan- 
Korteweg et al. 1994). We have noted the velocity ranges 
dominated by Galactic confusion for each object in Table 
2 , i.e., the range in which we estimate that the profile of a 
typical dwarf with a peak intensity of 10 mJy would not 
be recognized as such. The average range is about -150 
to 115 kms“* with about ±50 kms“* for the 2 narrowest 
profiles. As the mean velocity of the 18 members of the 
M81 group with known redshifts listed in Table 1 is < U > 
= 101 kms“*, with a dispersion of cr = 114 kms“*, this 
means that, statistically speaking, more than half of them 
would be lost among strong Galactic H i lines if they were 
all gas-rich. In fact, 5 of the galaxies observed at Nangay 
have known optical redshifts (see Table 2), which all fall 
within the velocity range obscured by Galactic H i. 

In the central part of this group, i.e. in an area of 
about 1.5 □“ around the galaxy M81, the confusion prob¬ 
lem is even worse. Here, M81, M82, NGG 3077, and - ac¬ 
cording to Appleton et al. (1981, their Fig. 2) - also NGG 
2976 are embedded in a common, very extended Hi cloud 
with Hi bridges connecting the major galaxies, and dis¬ 
tinct HI clumps, some of which coincide with optically 
identified dwarfs. 

Seven dwarfs (Kar 2N, Kar 3N, A9562±68, Kar 61, 
Ho IX, Garland, and Kar 5N) reside in this area where the 
strong Hi emission (within about -280 to ±355 kms“*) 
from the larger interacting galaxies makes the detection 
of gas-rich dwarfs extremely difficult (local estimates for 
the confusion range are given for each dwarf candidate in 
the last column of Table 2). So far, only the dwarf Ho ix 
has been unambigously associated with H i. None of the 
6 dwarfs observed at Nangay were detected. If we regard 
Fig. 1 of Yun et al. (1994), however, it seems clear that 
the irregular galaxy A952±69 must be associated with the 
second H i concentration visible in that image (the first 
being Ho ix). Appleton et al. (1981) even suggest that the 
Hi concentration in the southern tip of the spiral arm of 
M81 visible in Hi is due to Kar 61 (No.16) and that the 
south eastern extension in the Hi distribution of NGG 
3077 might be due to the starforming galaxy Garland. 

Even with the above indications for gas in three of 
the central dwarf galaxies, single dish observations can¬ 
not resolve these signals from the stronger emission of 
their dominant companions - or the Galaxy. In case of 
the two objects with the broadest confusion range in the 
Nangay beam (No. 15 = A952±69, -270 to ±355 kms“*, 
and No. 16 = Kar 61, -260 to ±190 kms“*), we have ob¬ 
tained shorter observations pointed to the galaxy’s centre 
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Table 3: Members of the M81 group detected previously in H l 



Ident. 

R.A. 

(h m s) 

Dec. 

(O , 

Type 

Diam 

(') 

Bt' 

(mag) 

Uhel 

(km/s) 

fSdV 
(Jy km/s) 

CC 10^ 

_-• o 

Mhi/Lb 

(Mq/Lq^b) 

1 . 

Ho II 

08 13 53.5 

70 52 13 

Im 

7.9 

10.2 

158 

359.7 

79 

0.59 

2 . 

Kar 52 

08 18 43.0 

71 11 25 

Im 

1.3 

14.2 

114 

3.7 

38 

0.25 

3. 

DDO 53 

08 29 33.3 

66 21 08 

Im 

1.5 

13.6 

19 

23.7 

46: 

0.89 

4. 

UGC 4483 

08 32 07.0 

69 57 16 

Im 

1.1 

13.9 

157 

3.1 

70 

0.16 

7. 

Hoi 

09 36 00.9 

71 24 55 

lABm 

3.6 

12.2 

136 

49.0 

45 

0.50 

9. 

NGC 2976 

09 43 11.5 

68 08 45 

SAcp 

5.9 

10.9 

3 

63.6 

159 

0.20 

13. 

M81 

09 51 27.3 

69 18 08 

Sb 

26.9 

7.9 

-34 

859.9 

464 

0.19 

14. 

M82 

09 51 43.6 

69 55 00 

Amorph 

11.2 

9.3 

203 

245.2 

290 

0.20 

17. 

Ho IX 

09 53 28.0 

69 16 53 

Im 

2.5 

13.5 

46 

94.8 

120 : 

3.63 

18. 

NGC 3077 

09 59 21.9 

68 58 33 

Am 

5.4 

10.6 

14 

212.5 

93 

0.57 

22 . 

UGC 5423 

10 01 25.3 

70 36 27 

BCD 

0.9 

13.8 

343 

2.3 

80 

0.11 

26. 

IC 2574 

10 24 41.3 

68 40 18 

Sm 

13.2 

11.0 

47 

442.5 

126 

1.52 

31. 

DDO 87 

10 46 17.0 

65 47 40 

Im: 

2.4 

14.9 

338 

18.9 

80 

2.35 


and one HPBW (4') due East and one due West, in order 
to verify whether part of the signal could be assigned to 
the dwarf candidate in question. A comparison of these 
on and off-source profiles (Fig. 3) confirms the signal to 
originate from our Galaxy and the H i complex around 
M81, as they have about the same velocity extent at and 
near each galaxy, whose optical diameter is considerably 
smaller than the beam width. 

Not even the detailed H i maps from synthesis observa¬ 
tions can resolve these problems. The assignment of indi¬ 
vidual HI concentrations (or hlaments) to optically iden¬ 
tified dwarf galaxies remains ambiguous within this highly 
active region where the gas might have been swept away 
from the currently visible starforming dwarfs. 

Here spectroscopy, in particular the determination of 
the recession velocities from emission lines in starforming 
galaxies, might be the only approach to learn more about 
the kinematics in the M81 group - not only in the cen¬ 
tral part of the group, but also within the larger group 
boundary. 


5.3. Conclusion 

Three new detections of dwarf candidates in the M81 
group have disproven these objects to be members of the 
M81 group. Due to confusion problems the non-detections 
do not a priori imply that the other observed dwarf can¬ 
didates are gas-poor, although the high-sensitivity obser¬ 
vations clearly demonstrate that they cannot be gas-rich 
dwarfs just beyond the M81 group. In order to study the 
dynamics of the M81 group in further detail, in particu¬ 
lar the behaviour of the dwarfs within the gravitational 
potential well of the group as such and the massive galax¬ 
ies within it, spectroscopic observations of the remain¬ 


ing dwarf candidates without velocity information are re¬ 
quired. 
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